
��������� 	�

��
���	�����������
�����������������
��! ��� ��" �#��$����
��% �����&'���������(��#)#)&*�!���)
��! ��
��
,+-��./�

��02143/5�687979:<;=1>3@?8A�5�:CBD;=1>3=EF:<G!G!:<79G<AH��IHJ�687LKNM>1>3OEF:<G%P!BDQ�:<3H:R3*A�1>3HJ�5�143HGTSU:<:RVWQ�I�XYG
��6[Z�147\��:RPDQ�:RBD7Y1>3]JWG�./:RPD:<6>BD6>7968^8X9_[147N�`3�G%PDX9PDIWPD:ba�+-�-./�%cCA�
�QH:-��:CPDQH:RBD7Y1>3HJ�G

�]�$dRe/fhg=ibj�kmlhfnd[ibe

+-�-./�@6>o@:RBp14PD:<G�P`0U6���qsrH1>3]J���68o�oH79:RB�Bp18JH1tBDGUasu�:<;=1tq
P!BD683HX9Vn./:RPD:R6>B$v>w8x��T�2cCy>�UI�B!BD:R3�PD7LZzA[PDQ�:�BD:R{H:<_RPDX9M�X9P�Z�JH1tPp1
14BD:=:<;|oH796[Zz:[J}68o@:RBp1tPDXY6>3]147Y7LZ~K�6>B�PDQ�:=G%Z�3zPDQ�:<G!X9Gh64K�_R68;bq
o@68G!XLPD:<GT6>KNo�G!:<I]JW6z����#)#$�21>3HJ�:<_pQH64PD68o�oWBD6�J�IH_CPDG<y

�H6>B*PDQH:NoWBD6�J�IH_CPDXY6>3-6>KWoHG!:RI]J�6�����#)#)�@X9;=14^8:<G<A>1>3�68;bq
1>7968I�G�o�BD6>o]1>^814PDX9683O_<79I�P!PD:CBUX9GUBD:<;|6tM�:<JhK�BD6>;�PDQH:2Bp1<0�X9;bq
1>^8:RGmIHG!X93H^�1�G%Pp1tPDXYG%PDX9_[147h;|:CPDQH6�J�y�
�Q�BD:<:RqsQ�68I�BD7LZ(:<G%PDXLq
;=14PD:<GN64K\1>_<_RIH;�I�7Y14PD:[J�o�BD:<_RXYo�XLPp14PDX9683|1tBD:2_[1>79_<I�7Y14PD:[JhBD6>I�q
PDXY3�:<7LZOr�Z�1>JHJ�X93�^�PDQH:-o�G!:<I]JW6z����#)#$�Uo�BD6�JWIH_RPDG<y���_R68;bq
o]14BDX9G!6>3�64KNJH14X979Z=G!I�;|GU64K
PDQH:RG!:�:<G%PDX9;=14PD:RGUPD6hPDQ�:�oWBD:<_<X9o�q
X9Pp1tPDX9683�JH1tPp1�6>r�Pp1>X93�:[J�K�BD6>;�1"J�:<3�G!:}3�:RP`0U6>BDV,64K�Bp1>X93
^�1>I�^8:<GmQH1>G�r@:R:<3(o@:RB!K�64BD;|:[J�y���6>B�PDQ�:}oWBD6�J�IH_CPDXY6>3�64K
:<_CQ�6>PD6>oF;=1>o�G<A�143~1>79^864BDXLPDQH;�XYG�I�G!:[J�PDQH14Pn_<6>B!BD:R_RPDGnK�6>B
:RB!BD6>BDGNJWIH:$PD6TPDQ�:)�H3HXLPD:$0�X�J�PDQn1>3]J-G!XYJ�:R7Y6>r@:<GN6>KWPDQH:$Bp18J�14B
r@:[1>;�y



6�K�I�7979Z�:R�WoH7968XLP)PDQH:2o@64PD:<3zPDX�147H64K�Bp1>JH1tB�a�BD:R{H:<_RPDX9M�XLP`ZHc
JH14Pp1�A�1~PD6z6>7�K�64B/PDQ�:}JW:RPD:<_RPDX96>3(1>3]J�JWX9G!oH7Y1<Z,6>KnG!:<M8:RBD:
0�:[1tPDQH:RB=o�QH:<3�68;|:<3H1mBD:R7�1tPD:[J�PD6}_<683�M�:R_RPDX9M�:/G%ZWG%PD:<;|GbX9G
r@:<X93H^mJW:<M�:<7968o@:<J�y=�TGh1O�HBDG%P�G%PD:<o�A
PDQH:bJ�:<M�:R7Y6>oH;|:<3zP-64K
1/o�BD6�JWIH_RP�K�64B�PDQH:=J�:CPD:<_RPDX9683F64K�G!IH;|;|:RB�Q]1>X97�Q]1>G�r@:<:R3
_<68;|o�7Y:CPD:[J�y

�`3�PDQ�XYG�o]14o@:RB[A[PDQH:$oWBD6z_<:[J�IWBD:NK�6>BNJ�:RPD:<_CPDXY6>3-6>KW^>BD6>IH3HJ
_<79I�P!PD:RB�XYG�J�:<G!_CBDXYr@:<J'rWBDX9:R{HZ�1>3]JmXLPDG�6>o@:RBp14PDX96>3]1>7No@:CB!K�6>B!q
;=1>3H_R:�X9GmJWX9G!_<IHG!G!:[J\y��HIWB!PDQH:RBD;|64BD:8A�BD:<_<:<3zP�BD:<G!IH7LPDG�6>3
Bp18JH1tB!qs^�1>I�^8:�_R68;|o]1tBDX9G!683HGNK�6>BNPDQH:�+-�-./�\Bp18J�14BDG$14BD:Uo�BD:Rq
G!:<3zPD:[J�y���XY3H1>797LZzA8PDQ�:�BD:<G!I�79PDG$64K]PDQH:�:C�WPD:R3]J�:<J�M8:RBDXL�]_[1tPDXY6>3
6>K�PDQ�:-Q]1>X97*J�:RPD:R_RPDX9683�oWBD6�J�IH_CPT14BD:-QHX9^>QH79X9^8QzPD:[J�y

���$g=����i����O��ib����g=ibk�e�j�lh��k/fnfh��g

SU:RK�6>BD:�Bp1>JH1tB!q`JW:RBDX9M�:[J�Bp14XY3WK�147Y72oWBD6�J�I�_RPDGh_<1>3~r@:�1>_Rq
_<IH;hIH7Y14PD:[J�6>B�G!QH6[0�3�PD6~3�683�qs;|:RPD:R6>BD68796>^8X9G%PDG<Ana�1>3H6>;=14q
7Y6>IHGno�BD6>o]1>^814PDX9683]cn^4BD68IH3HJF_<79I�P!PD:RBhQ]14GnPD6mr@:|BD:<;|6tM�:<J�y
�U7YIWP!PD:RB�BD:R;|64M>1>7�1>79^>6>BDXLPDQH;|GnPDQ]14Pb14BD:O_<I�B!BD:R3�PD7LZ}X93�I�G!:
14BD:�rH1>G!:[J|6>3OK�6>B2X93HG%Pp143H_<:�_<79I�P!PD:RBU;=1>o�G<A�Bp18JWX�147\��68o�oH79:RB
M�:<796z_<XLPDX9:<G<A�G!X9^83]147�G%Pp1tPDX9G%PDXY_RG<A�_<683zPDX93�IHXLP`Z"64K�PDQH:�M�:RB!PDX9_[1>7
o�BD6>�H79:8AT6>B�^8:<6>G%Pp14PDX9683H14B!Z�qsGD14PD:<7979XLPD:~JH1tPp1Wy��`3�PDQH:m:[1tBD79Z
� x>G<A
1=G%PD:<oz0�XYG!:�o�BD6z_<:[JWI�BD:nK�6>B-BD:� %:<_RPDX96>3�6>K�a�1>3�68;=147Y6>IHG
o�BD68oH1>^814PDX9683]cn^>BD6>IH3HJF_<79I�P!PD:RBhQ]14G�r@:<:<3"JW:<M�:<796>o@:[J~1>3HJ
XY;|o�79:<;|:<3zPD:[JO14P�+-�-./��a�E�:<G!G!:<79G�143]J�SU:R:<V�QWI�X9G<A
¡ �>��¢ cCy

�QHX9GUoWBD6z_<:[J�IWBD:�X9G�r]1>G!:<J=6>3=J�X9G%PDX93H^>IHX9G!QHX93H^nr@:RP�0�:<:<3bPDQ�:
XY3�QH:RBD:R3�PD7LZ�{HIH_RPDIH14PDX93H^���1<Z�79:<X9^>Q�qsG!_[14P!PD:CBD:[JnoWBD:<_<X9oHXLPp1tPDXY6>3
G!XY^>3]147YG�143]JbPDQH:�BD:<7Y14PDX9M�:R79Z=G%Pp14rH79:�^4BD68I�3]J=_<79I�P!PD:RBUG!XY^>3]147YG
a���6[Z�1>^>X�A@¡ �8£ v�cCyU
�QH:T�HBDG%P2143]J|PDQH:�G!:<_<683HJOG%PD:Ro/1tBD:�o@:RB!q

?�¤�¥[¦!¦s§C¨�©>¥[ª�«t¬Yª>­¯®[°>±�²8¥t¦�®4«t«[¦s§C¨%¨!³µ´%¶m·)¸[¹L¹Lºp»�¼<½�¾~¿`ºDÀ!Á
Â ¸[ÃÅÄ�¼[¼<Ã�½�ºD»-ÆL½�Ç[ºD½ÈºD½ÈÉb¸4Ê�ºD¹L¹Lºp½�¾ÅË2Ì�Éb´%¾�Í�¶ Î�¶�Ï�¸pÐ
Ñ[Ò8Ó ¾�Ì)ÔHÁ�ÕtÖ<Õ ÒØ×UÙÛÚ º�Ï�ÆL¹ Â ¾}Ü$Ý�º�Ì)º Â Ý�ºDÃ`¹9¼<½8Ê�¿CÞ�ºDÁ�»�¼<ÆL¹�ß
à>á[â[â<ãDä�åRæ4çRè[æCä�éWê�æ>â ¶

K�64BD;|:[J�rzZnPDQH:�Bp18J�14B�o�BD:<oWBD6z_<:<G!G!64B�a��
ë�#�w�AW	WX9^>;|:RP)�`3H_[cCA
1>3HJ�PDQH:-�H3]1>7*G%PD:<o�X9G�:RM8147YIH14PD:[J�r�ZOPDQH:�oWBD6z_<:<G!G!X93H^=G!6>K�P!q
021tBD:|a���14X93Wr@6[0-A]u�:<;=14P!BD6>3HX9V/u�;�rH5�cCy

��3�PDQH:���BDG%PnG%PD:<o*A*PDQH:bPD:<;|o@64Bp1>7)G!XY^>3]147�{]I�_RPDI]1tPDX9683HG
X93}ì8í>xO;ÅJW:<:<o�1>3HJF¡bJW:<^>BD:<:n0�XYJ�:hBp143H^>:�rHX93�G�14BD:h:<G%PDXLq
;=14PD:<J�rzZO_[1>79_<I�7�1tPDX9683'6>KNPDQ�:-G%Pp1>3]J�14BpJ�JW:<M�XY14PDX9683�64KNPDQH:
G!X9^83H1>7zX93zPD:<3HG!XLP`Zzy�E�XLPDQn1�#)����64K@ì>í>x�5�î)1>3HJn143n1>î<X9;�IWPDQ
G!o@:<:[J'6>KT¡ £ J�:<^4BD:<:<GpïtG<AN1>r@6>I�Ph¡<ð/X93HJ�:<o@:<3HJ�:<3zP�GD1>;|oH79:<G
14BD:/1[M814XY7Y14rH79:�:<M�:CB!Z"J�:<^4BD:<:�K�6>B=JW:RPD:RBD;|X93HX93�^'PDQ�X9GbG%Pp1>3Wq
JH1tBpJ�JW:<M�XY14PDX9683�y��sK�PDQ�:/G%Pp1>3HJH1tBpJ�JW:<M�X�1tPDX9683�XYG|G!;=14797Y:CB
PDQ]143�1��H�W:[J|PDQ�BD:<G!Q�687YJ/6>KN1>r@68IWP�ì�JHSTAWPDQ�:�Bp1>3�^8:-r�XY3�X9G
G!IHG!o@:R_RP�6>K$_<6>3zPp1>X93HX93H^�_<79I�P!PD:RB[y$��3�PDQH:�G!:<_<683HJ�G%PD:<o�A�K�68IWB
Bp1>3�^8:2r�XY3�GN0�X9PDQ�G%Pp14PDX9G%PDX9_[1>797LZ|X93]JW:<o@:<3]JW:<3zPN_<79I�P!PD:CB)0�14BD3Wq
X93H^>G�14BD:T_<6>;�rHX93�:[JhPD6|¡TVW;ñJW:<:<o=1>3HJ/¡�J�:<^4BD:<:T0�XYJW:�o@64q
7Y14B�oHXL�W:<79G<y$
�QH:�o@6>7�1tBUo�XL��:R7YG�14BD:�{]1>^>^8:[J|14G�_<79IWP!PD:RB�0�Q�:<3
PDQH:-;=1[ %64BDXLP`Z�64K$PDQH:-IH3HJ�:RBD7LZWX93H^�Bp143H^>:hr�XY3�GT14BD:nG!IHG!o@:<_RP
6>K
_<683zPp14XY3�X93H^n_<79I�P!PD:RB[y)
�Q�:�_<79I�P!PD:RBU{@1>^>G214BD:�P!Bp1>3HG%K�:RB!BD:[J
PD68^>:RPDQH:CB-0�X9PDQ�PDQH:ho@687Y14B-BD:R{H:<_RPDX9M�XLP`Z�JH1tPp1OPD6OPDQH:hBp1>JH1tB
_<6>;|oHI�PD:CB�K�64B��H3]1>7\oWBD6z_<:<G!G!X93H^Wy

��3�PDQH:2�]3H1>7�G%PD:<o|6>K@PDQ�:T_R7YIWP!PD:RBUJ�:RPD:<_CPDXY6>3*Azo@6>7Y14B�o�XL�Wq
:<79G�64KUì|V�;¯J�:R:<o'1>3HJ�¡�JW:<^>BD:R:n0�XYJ�:>A\_<7968G!:hPD6|PDQ�:��H3]147
J�X9G!o�7�1<Z"BD:<G!6>7YIWPDX9683�6>K�ì�y ð�ò�ì�y ðFV�;Oó4A�1tBD:m_<683�G!XYJ�:RBD:[J\y

�QH:T_<79I�P!PD:CBU{@14^8GUK�6>B�PDQ�:�o@6>7Y14B2o�X9�W:<79G�64KNì�V�;�J�:<:<oO143]J
¡2JW:<^>BD:R:U0�XYJ�:21tBD:2J�:RPD:CBD;|XY3�:[J�r�Z�_<68;hrHX93HX93H^�PDQH:�{@1>^>GN6>K
PDQH:�IH3HJ�:RBD7LZWX93H^h¡UV�;ôò~¡2JW:<^>BD:R:�oHXL�W:<79G<A�I�G!XY3�^�143�:<;|o�X9B!q
X9_[1>7)_RBDXLPD:RBDX9683}r]14G!:[J}6>3}PDQH:�QH6>BDX9î<6>3zPp1>7$:<_pQH6/M>14BDXY14rHX979X9P�Z
1>3HJhPDQH:20U:<X9^8QzPD:[JbG!IH;�64K@PDQH:�_<79I�P!PD:RB){@14^8G)6>K�XLPDG�3�:[14BD:RG%P
1>3HJ�G!:R_<683HJWqs3H:[1tBD:<G%Pn3H:<X9^>QWr@64BDG<y=SU:<_<1>IHG!:|;|6>G%P�o�BD:<_RXYo�XLq
Pp14PDX96>3|G%Z�G%PD:R;|G�143]Jb_<79IWP!PD:RB�1tBD:[1>GU14BD:�7Y14BD^>:RBUPDQH1>3�¡[x�V�;
ò�í-J�:<^4BD:<:<G<AzPDQHX9G)G!;|6z6>PDQ�XY3�^-Q]14G�6>3H7LZ|1�;|X93H64BU:Cõ\:<_RP�683
PDQH:�G!o]1tPDX�147�BD:RG!6879I�PDX9683�y�
�QH:�_<79IWP!PD:RBTJ�:RPD:R_RPDX9683/:Cö|_<X9:<3H_CZ
BD:[14_CQ�:<Gn1>r@68IWP �8£8÷ A�0�QHX979:|79:<G!G-PDQ]143�¡ ÷ 64K�Bp1>X93}oHXL�W:<79G
X9G2BD:<;|6tM�:[J�y

�UIWB!BD:<3zPD79ZzAzPDQ�:�^>BD6>IH3HJO_<79IWP!PD:RB�BD:` `:<_RPDX9683�G%ZWG%PD:<;�Q]14G
r@:<:<3�68o@:CBp14PDX9683H1>7�K�6>BO14r@68IWP £ Zz:[1tBDG<y,
�Q�:/G%ZWG%PD:<;øBD:Cq
ù IHXLBD:<G'Q]1tBpJ�7LZ�1>3zZ�;=1>X93zPD:<3]143H_<:~143]J�_<1>3�r@:�1>o�oH79X9:[J
IHo�PD6|7�1tBD^8:�Bp1>3�^8:<Gna�v�ì4x=V�;OcCyU��3�68;=1>796>IHGTo�BD68oH1>^814PDX9683
_<79I�P!PD:CB�6tM�:RB�7Y1>3]J�X9GTBD:<;|6tM�:[Jm1>79;|6>G%P�_<6>;|oH79:RPD:<7LZzA]0�Q�X97Y:
PDQH:OG%ZWG%PD:<;�XYG�o]14B!PD7LZ(a�ð8x ÷ c�:Rõ\:<_RPDX9M�:�XY3~BD:<;|6tM�X93H^'G!:[1
_<79I�P!PD:CB[yO��797�X93�1>797�ANPDQH:�Bp1>JH14Bn6>o@:RBp14PD64BDG�143]J�PDQ�:bIHG!:CBDG
6>K
PDQH:�JH1tPp1�1tBD: ù I�X9PD:�GD14PDX9G%�]:[JO0�X9PDQ/X9PDG�o@:RB!K�6>BD;=143H_<:8y

ú ��l�i|���U�OgOd<û�ibeøü¯dRfnýþ���|k����-û


�Q�:hBp18J�14BDG�o@:CB!K�6>BD;ÿ1=ð4qs:<79:<M81tPDX9683'BD:R{]:<_CPDXYM�XLP`Z�G!_[1>3
:<M�:CB!Z�í�;|X93�I�PD:RG<yU�WBD68; PDQH:RG!:nG!_<1>3HG�o�G!:<I]JW6z����#)#$�2XY;bq
1>^>:<G�1tBD:�oWBD6�J�I�_<:[Jh0�XLPDQO1�Pp14BD^>:RP�Q�:<X9^8QzPU64K £ x8x�;ñ1>r@6tM�:
PDQH:�143zPD:<3H3H1�7Y:RM�:<7�y�u�BD68I�3]J�_<79IWP!PD:RBUX9G)BD:<;|6tM�:[JnK�BD68;�PDQH:
oHG!:RI]J�6�����#)#)�nX9;=1>^>:<G=IHG!X93H^�PDQH:/oWBD6z_<:[JWI�BD:�JW:<G!_RBDX9r@:[J
1>r@6tM�:>y$
�QH:�BD:R{]:R_RPDX9MWXLP�ZbM>1>79IH:<G�14BD:T_<6>3WM8:RB!PD:[J�PD6-Bp1>X93�K�1>797



0
�

50 100
�

150�
Distance (km)�

−3

−2

−1

0

1

2

3

R
ad

ar
/G

au
ge

 (
dB

)

�

Den Helder

−4

−3

−2

−1

0

1

R
ad

ar
/G

au
ge

 (
dB

)

�

De Bilt

���	��

�������
The annual average of the bias for each rain

gauge as a function of its distance from each radar. The
biases have been determined using radar and gauge
data from 1998.
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The POD, FAR, and CSI for the method of

Waldvogel as a function of the warning threshold. Only
days with a freezing level at De Bilt higher than 2.0 km
at 12 UTC have been taken into account.
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